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Minuteman  TIT  Special  Test  Missile  13W  (STM-13W),  with  Aerojet-supplied 
Second  Stage  Motor  AA21A85  (PQA6-81),  was  successfully  fired  from  the  Western 
Test  Range  (WTR)  on  30  January  1977.  The  missile  was  tested  from  Launch 
Facility  21;  range  zero  time  was  approximately  2205  hr  P.s.t.  (0505:00.417  hr 
31  January  1977  UTC).  Performance  of  the  second  stage  motor  was  satisfactory 
and  all  measured  performance  parameters  were  within  model  specification  limits. 

The  motor  ignited  satisfactorily  and  operated  for  an  action  time  of 
65.56  sec.  Second  stage  skirt  jettison  occurred  16.49  sec  after  Stage  II 

ignition.  i 

Performance  of  the  liquid  injection  thrust  vector  control  and  roll  con- 
trol system  was  witltin  model  specification  limits.  Injectant  utilization  was 
119.6  lb. 

II.  TEST  OBJECTIVES  AND  MOTOR  DESCRIPTION 


A.  TEST  OBJECTIVE 

The  primary  objective  of  tiie  flight  test  is  classified;  a secondary 
objective  was  to  demonstrate  the  reliability  and  reproducibility  of  the  opera- 
tional second  stage  motor  and  tlie  capability  of  tlie  PQA  motor  to  operate  within 
model  specification  limits.*  Successful  accomplishment  of  these  objectives  was 
a requirement  for  tlie  qualification  of  a 19-motor  second-stage  production  lot. 


* Model  Spec  i f ic.'i  t ion  S- 1 33- 1 002-0-2A,  Model  Specification,  Motor,  Rocket 
SR-19-A.I-1,  Solid  Propellant,  Operational,  dated  14  March  1973. 
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II.  Test  Objectives  and  Motor  Description  (cont ) 

B.  MOTOR  DKSCKIPTION 

Motor  SN  AA2148'i  was  a standard  Mlnuteinan  III  production  quality 
assurance  motor  modified  to  the  operational  configuration.  The  motor  was  fab- 
ricated in  accordance  with  Drawing  382100-189AF.  The  motor  incorporated  no 
new  material,  processes,  or  ventior  changes  that  had  not  been  previously  flight 
tested . 

The  modification  of  the  motor  from  the  PQA  static  test  configura- 
tion to  the  operational  configuration  consisted  of  replacing  the  static  test 
Igniter  atiapter  and  deleting  the  static  l.ITVC  Injector  valves.  The  change 
of  Igniter  adapters  precludes  measurement  of  igniter  chamber  internal  pressure 
wnich  is  not  a flight  test  data  parameter.  Operational  P90  ACI  units  provided 
by  the  guidance  and  control  associate  contractor  are  utilized  instead  of  the 
Aero j et-suppl  ied  Moog  injector  units  used  in  static  tests.  The  two  types  of 
injector  valves  provide  identical  functional  performance  but  are  different  i.. 
compatibility  witii  tlie  flight  and  static  test  control  systems. 

Propellant  physical  properties  were  as  follows: 


b7  VM 


4954 

4955 

4956 

Liquid-strand  burning  rate, 
in . /sec* 

0.3350 

0.3370 

0.3365 

3KS-500  burning  rate,  in./se<- 

0.3254 

0.3300 

0.3353 

Liquid  density,  gm/cc 

1.7700 

1.7700 

1.7715 

Initial  tangent  modulus,  psi** 

477 

486 

444 

Maximum  stress,  psi*  (77°F) 

95.1 

97.2 

96.5 

Elongation  at  maximum  stress, 
% (77°F) 

33.1 

32.7 

34.4 

Shore  hardness  at  end  of  cure 

50 

50 

50 

^ '8y°'FaTT00"'psia 

**  12-day  cure  at  110  + 5”F 
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n.  Ti'st  Olijoct  ivos  ;iik1  Motor  l)i“scr  i pt  ion  (cont) 

C.  NONDRSTRICTIVE  TESTING 

Motor  SN  AA2148S  was  rncllographlcally  examined  in  the  Aerojet  non- 
destructive test  facility  with  a 10  MEV  linear  accelerator  as  the  radiation 
source.  The  examination  revealed  no  defects. 

U.  INSTRUMENTATION 

The  motor  was  instrumented  with  the  standard  flight  test  instru- 
mentation, operational  pressure  transducers,  and  LITVC  injector  valve  position 
transducers.  Tlie  instrumentation  was  sufficient  to  evaluate  motor  performance 
although  all  operating  cliaracterist ics  normally  associated  with  static  testing 
cannot  be  evaluated.  The  items  that  cannot  be  evaluated  are: 

1.  Igniter  internal  pressure:  Instrument  not  installed. 

2.  Interstage  pressure-  at  ignition:  Measurement  and  prediction 

based  on  chamber  pressure  .ire-  not  possible-  because  of  slow  sampling  rate. 

1.  I.ITVr  - ide  lorce  .mil  iuje-ctant  e-xpulsion  capability:  Not 

e-valuatei'  be-cause  flip, lit  te-:i  re-ipi  I re-meut  s are  diffe-re-nt  and  significantly 
less  than  the  spe-cified  l’()A  test  duty  cycle'. 

■4.  Roll  Conitol  V.ilve  lespoiu.e  time-:  Instrumentation  not 

ins  tailed . 


Test  inst  rume-nt  .It  Ion  w.i.s  o-  lollows: 
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II.I).  I ns  t niinent  ;il  ion  (cont) 

# 

I’.iraiiieUj' 

Motor  C.li.imbt'r  I’ressiiro 
1,1'rVC  Manilolil  and  Pressure 
Roll  Control  Cas  Cenerator  Pressure 
l.ITVC  Pintle  I’osltion 

Roll  Control  Valve  Actuation  Commands 


Measurement 

Designation 


OAF03 
OAT  02 
OAGOl 

DAUOl  through  A 
GCU06  and  GGU07 


in.  ThS'I_Rj;;UI  I ,TS 
A.  SUMMARY 

Minuteman  Special  Test  Missile  13W,  with  Aerojet  Second  Stage 
Motor  AA  21AH5  (PQA6-H1),  was  successfully  fired  from  Western  Test  Range 
haunch  Facility  on  30  .lannary  1977.  Range  zero  time  was  approximately  2205 
lir  P.s.t.  (0505 : 00. A 1 7 31  danuary  1977)  UTC.  The  second  stage  motor  operated 
normally  for  a <luration  of  6A.A5  sec.  Ballistic  and  control  system  performance 
were  satisfactory.  Flight  event  times  were  as  follows: 


Event 

Time,  sec 

Stage  1 Ignition 

0.0 

Stage  11  LITVC/RC  Discrete 

60.2A6 

I- 11  Discrete 

61.7A6 

Stage  11  Skirt  Jettison 

78. 2A 

Stage  in  1,1TVC/RC  Discrete 

125.199 

Shroud  Eject  Discrete 

125.397 

Stage  11  Motor  Pc  = 28  psia 

126.189 

11-111  Discrete 

126.559 
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111.  Ti-st  Kosults  (i-ont  ) 

11.  ICNITION  AND  STAC  INC 

Ttic'  nu'Lor  i>;nit»‘il  satisfactorily  at  an  altitude  of  approximately 
98,000  ft.  Chamber  pressure  durin>;  ignition  is  compared  with  model  specifica- 
tion limits  In  figure  1.  The  estimated  ignition  delay  of  105  millisec  and 
maximum  ignition  pressure  of  A52  psia  are  very  close  to  the  average  values  of 
108  millisec  and  A5A  psia,  respectively,  for  static  firing.  These  values  are 
estimated  because  of  the  normal  occurrence  of  telemetered  data  dropout  during 
motor  ignition.  Although  internal  igniter  pressures  were  not  measured,  the 
normal  ignition  Implies  satisfactory  igniter  performance. 

C.  BAI.USTIC  I’F.KfOKMANCF, 

Motor  chamber  pressure  during  action  time  was  within  model  speci- 
fication limits  (figure  2).  Motor  action  time  was  64.45  sec  and  the  maximum 
chamber  pressure  was  540  psia  at  the  estimated  temperature  of  70°F.  The  log 
book  predicted  values  for  those  /J.iraroel  <ts,  corrected  to  70°F,  are  64.48  sec 
and  538  psia,  respectively.  The  action  time  of  64.45  sec  at  70”F  was  within 
specification  limits. 

Vacuum  tiirust  during  action  time,  derived  from  flight  guidance 
acceleration  data,  was  well  within  model  specification  limits  (Figure  3).  On 
tiie  basis  of  those  data,  the  motor  produced  a delivered  action  time  total 
impulse  of  3,954,873  Ib-sec.  A 2400  lb-sec  correction  from  the  near-vacuum 
flight  condition  to  vacuum  condition  resulted  in  an  action  time  vacuum  impulse 
of  3,959,373  lb-sec;  the  indicated  vacuum  specific  impulse  of  288.18  Ibf-sec/ 
Ibm  was  0.78  Ibf-sec/lbm  higher  tlian  tl>e  static  test  average.  Vacuum  thrust 
was  within  required  limits  (Figure  4);  tailoff  time  from  41,000  Ibf  to  2000  Ibf 
was  1.53  sec  (correctetl  to  80°F).  A plot  of  motor  action  time  for  a propellant 
temperature  of  70°F  is  also  shown  in  Figure  4. 
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lll.C.  llallislii-  I’l'rrurm.uu'i’  (ront) 

l)(.Tivi‘(l  ha  1 I i St  i (•  data  are  tabulated  in  Figure  5,  and  motor  per- 
formanee  values  are  compared  witli  model  specification  requirements  in  Figure 
6.  Acceptance'  centre)!  data  lor  average  thrust,  total  impulse,  thrust  decay 
time,  anel  motor  ael  ion  time'  are  shown  in  Figures  7 and  8. 


n.  thku;;t  vector  cuintroi, 

1.  I'JJlVj'-  8ul)S^ste'm 

l.iTVC  subsystem  perfe)rmance  was  satisfactory  throughout  motor 
act  ieni  time.  System  pressurization  was  acliieved  0.143  sec  from  the  LITVC  gas 
generator  ignition  eliscrete,  tlie  specified  maximum  delay  time  is  0.880  sec. 
System  pressure  was  also  maintained  within  specification  limits  after  the 
prec.sur izat  ion  transient  (Figure  9).  bITVC  pressure  regulation  during  the 
interval  between  system  initiation  and  the  l-ll  staging  discrete  (Figure  0) 
was  normal  and  consistent  with  that  of  static  test  P(>A  motors. 

Total  injeclant  utilization  during  Stage  11  operation  was 
119.6  lb  or  57%  of  the  minimum  expendable  injectant  weight.  This  utilization 
is  not  comparable  witfi  P(JA  test  requirements  since  it  represents  the  amount  of 
injectant  actually  required  for  fliglit  attitude  control  rather  than  the  PQA 
duty  cycle  which  is  programmed  to  demonstrate  total  injectant  expulsion  capa- 
bility. The  amount  useti  for  normal  attitude  control  was  57.6  lb  or  27'  of  the 
expendable  weight  and  is  typical  of  past  flight  test  experience.  Injectant 
expended  througli  the  yaw  injectors  during  the  injectant  dump  cycle  between  5.1 
and  12.3  sec  was  62  lb.  A summary  of  injectant  utilization  is  as  follows: 


K.-port  ()lh:'-()2TR-STM-r3W 


111.1).  Thrust  ViTtor  (Tuitrol  (root) 

I’Jow  for  Attijiiide  Control  , lb 

1 .9 
7.0 

28.3 

20.4 

Total  57.  f) 

Total  Control,  lb  57.6 

Dump  through  yaw  62.0 

injectors,  lb  

Total  injectant  119.6 

expended 

MTVC  system  side  force  capabilities  were  not  evaluated  with 
PQA  model  specification  requirements  because  the  maximum  side  force  and  jet 
deflection  required  during  the  flight  test  were  only  approximately  525  Ibf 
during  the  first  3 sec  and  0.46  degrees  thereafter.  The  values  are  consider- 
ably less  than  the  3800  lb  side  force  and  2 degree  jet  deflection  minimum 
capabilities  demonstrated  during  the  static  PQA  tests.  LITVC  performance  is 
compared  with  specification  limits  in  Figure  10. 

2.  Poll  Control  Subsystem 

Roll  control  (RC)  subsystem  performance  was  satisfactory  and 
within  specification  limits.  Roll  control  moment  capability  was  attained  162 
milllsec  after  tlie  generator  Ignition  discrete  when  the  RC  gas  generator  pres- 
sure increased  to  the  required  15f0  psia.  The  maximum  pressure  of  2185  psi 
occurred  at  224  milllsec  and  was  below  the  specified  MEOP  of  2400  psi.  Gas 
generator  pressiire-vs-t ime  curves  are  shown  in  Figure  11.  Gas  generator  cham- 
ber pressure  was  within  specification  limits  Liiroughout  the  test.  The  minimum 
tor<|ue  capabilities  were  as  follows:  4.3  ft-lb  from  0.7  to  7.7  sec  after  the 

gas  generator  discrete  time,  144  ft-lb  to  15.7  sec,  and  89  ft-lb  at  the  end  of 
Stage  II  action  time. 
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TTI.I).  Tiirusl  Vector  Control  (cont) 


The  roil  control  gas  generator  exhibited  the  abnormally  fast 
ignition  transient  typical  of  the  lot  fOSR  generators.  Similar  fast  ignitions 
occurred  during  the  static  test  of  Motor  52PQA6-80  and  during  the  STM-llW  and 
- 1 2W  flight  tests.  However,  thi>  STM- I'iW  ignition  does  not  violate  any  specifi- 
cation re(|uirement  aiul  the  maximum  pressure  was  well  below  the  specification 


maximum,  llie  roll  control  gas  generator  ignition  transient  is  compared  with 
that  of  Motor  521’QAb-80  and  with  a normal  test  (PVM-13)  in  Figure  12. 


Roll  control  valve  response  times  could  not  be  evaluated  with 


respect  to  model  specification  re<iu  irements  because  of  the  lack  of  instrumen- 


tation. However,  performance  of  the  valve  is  considered  satisfactory  based  on 
adequate  control  of  the  missile  in  the  roll  altitude  during  motor  operation. 


Only  minimal  roll  control  utilization,  A clockwise  and  20  counterclockwise 


commands,  were  required. 


Roll  control  pertormance  is  summarized  and  compared  with  PQA 
model  specification  requirements  in  Figure  10. 


K.  INSTRUMF.NTATION  PERFORMANCK 


Instrumentation  and  telemetry  system  performance  was  satisfactory 
and  provided  adequate  data  for  the  evaluation  of  motor  performance. 


F.  MOTOR  RELIABIIJTY 


Post-test  reliability  data  are  presented  in  Figure  13, 


IV.  CONCLUSIONS  AND  RECOMMENDATIONS 


Overall  perf orm.ance  of  tlu'  second  stage  motor  was  satisfactory.  The 
motor  operated  for  an  action  time  of  64. A5  sec;  all  available  performance 
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IV.  CoiK- Idsions  ;iiul  Re<-omn)tMida  t ion.s  (coni) 

parameters  were  within  specification  limits.  Performance  of  the  LITVC  and  RC 
subsystems  w;is  sal  islactorv. 

The  flight  lest  of  Motor  STM-13W  (52PQA6-81)  was  the  qualification  test 
for  Production  Motors  Air  I’orce  SN  21469  through  21475  and  21477  tnrough  21489. 
Aerojet  recommemi.s  that  Motor  52PQA6-81  used  in  STM-13W  be  accepted  as  a 
successful  Wing  VI  (Quality  Assurance  Motor. 


Limits  per  Model  Specification 


Time  from  HI  Discrete,  Milliseconds 


A 


Ui'port  ()U>2-()2TR-STM-nW 


Time  from  1-1 1 Discrete,  Seconds 


Thrust  X 10’ 


K c- p* ) r I ( ) 1 ()  1' - 0 2T K- STM- I'JW 


Kotor  Data  Pref i re 
Total  motor  weight,  lb  15,516.9 
Total  propellant  weight,  lb  13,744.2 
Total  inert  weight,  lb  (including  265  lb  Freon)  1,772.7 


Center-of-gravi ty , in. 

X axis 
Y axis 
Z axis 

System  mass  fraction 
Nozzle  throat  area,  so  in. 

Nozzle  exit  cone  area,  sg  in. 

Nozzle  expansion  ratio 

r>.4j  ta 

Ignition  delay,  inillisec 

Max  ignition  pressure,  psia 

Max  interstage  pressure,  psia 

Action  time,  sec 

Max  chamber  pressure,  psia 

Av  chamber  pressure,  psia 

Max  vacuum  thrust,  Ibf 

Av  vacuum  thrust,  Ibf 

Action  time  vacuum  impulse,  Ibf-sec 

Propellant  vacuum  specific  impulse, 
Ibf-sec/lbm 


116.126 

100.037 

99.970 

0.885 

72.886 

1807.9 

24.8 

As.  Fijied^lTpj'Fj  80°F 

105* 

452 

Not  available 


64.45 

63.8 

540 

545 

465 

470 

70780 

71490 

61433 

62050 

3,959,373 

288.18 

29980 

/P^^dt,  psid-sec 


*Estimated  because  of  intervals  of  data  dropout. 

Derivfd  Unllistic  Dat.T 
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Motor 

Model  Specification 

52P3^A6-81 

Limits 

Motor  action  time  at  firing  temperature 

64.45 

Figure  7* 

Motor  action  time  at  80"F,  sec 

53.8 

Figure  7* 

Thrust  tailoff  decay  time,  sec 

1.49  (80°F) 

1.48  to  3.54 

Maximum  chamber  pressure  at  firing 
temperature,  psia 

540 

1.48  to  3.54 

Maximum  chamber  pressure  at  80"F,  psia 

545 

Figure  6* 

Action-time  impulse  (60  to  80”F), 
Ibf-sec** 

3,353,373 

3,907,000  (min) 

Maximum  thrust  at  firino  temperature, 
Ibf 

70,780 

Figure  1* 

Maximum  thrust  at  80"F,  Ibf** 

71 ,490 

Figure  2* 

Average  thrust  (60  to  70'T),  Ibf** 

61,433 

56,000  to  65,700 

Average  thrust  at  80"F,  Ibf 

62,050 

56,000  to  66,300 

Motor  ignition  delay  (60  to  80‘"F), 
mi  1 1 isec 

111  (est) 

250  (max) 

Predicted  maximum  interstage  pressure, 
psia 

Not  Availal)le 

75  (max) 

Cross  motor  weight,  lb 

15,516.9 

15,626  (max) 

Total  Propellant  Weight,  lb 

13,744.2 

13,680  (min) 

Weight  of  loaded  Freon,  lb 

265 

255  to  265 

System  mass  fraction 

0.885 

0.884  (min) 

Prefire  center  of  gravity,  in.*** 

55.311 

53.2  to  56.8 

Motor/nozzle  throat  alignment 

0.002 

0.046  (max) 

Angular  relationship,  degrees 

0.017 

0.073  (max) 

* limits  shov;n  in  curve  form  in  specification. 

**  Vacuum  conditions;  excludes  axial  thrust  augmentation. 
***Measured  aft  of  forward  skirt 


(Inmp.ir  i sun  ol  Motor  i’or  lonii.niico  will)  Model  Specification  Limits 


Fip.ure  6 


Ucporl  ()I(.2-()2TK-STM-1  )W 


Tn^nt  N'ffnhpr  (Miivinq  Aypran^) 


Point  Number  {Movina  Average) 


I'lKiiro  9 
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Side  Force  Impulse 

Measured  side  force  at  2.1  sec.  If 

Measured  jet  deflection  at  5?. 7 sec, 
deqree* 

I’re^su^rization  Time,  sec 

Time  until  first  ii\dication  of 
pressure 

Time  until  SOO  psia  in  last  injector- 
cavity 

Time  until  ISfd)  [isia  in  roll  control 
qas  qetterator 

RoJl_  Control  Response^,  sec 
Null  to  90" 

Hardover  to  10' 

Hardover  to  90 

Pressure,  psia 

Maximum  injectant  pr'essure  at 
0 Ib/sec  flow  rate 

Minimum  injectant  pressure 

Minimum  injector  pressure  at  full 
flow  rate 

Maximum  roll  cotitrol  (jas  qenerator 
pressure 

Roll  Control  qas  (jenerator  pressure 
at  end  of  motor  action  time 

To_r([ue,  ft-lh 

Torque  capability  at  1.1  sec** 

Torque  capability  at  15.7  sec** 

Tor()ue  capability  at  end  of 
Action  time 


Measured  Model  Specification 

or_Calculated  Requirements 


NA 

3800 

(min) 

NA 

2 

(min) 

0.143 

Q.880 

(max ) 

0.453 

0.950 

(max ) 

0.162 

0.700 

(rax) 

NA 

C.035 

(max ) 

NA 

0.050 

(max) 

NA 

0.050 

(max ) 

655 

713 

(max ) 

591 

560 

(min) 

NA 

425 

(min) 

2185 

O'-’ no 

(MEOP) 

325 

255 

(nin ) 

413 

350 

(ni  n ) 

144 

120 

(min) 

89 

70 

(min ) 

* Measured  from  motor  iqnition 
**Measured  from  qas  qenerator  iqnition 

I.ITVC  and  RC  I’c r f ormaiu'c  Sunmary 
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K.|)..rl  0|()J-nirK-STM-  1 !W 


Time  from  Gas  Generator  Discrete,  sec 


Kl'port  UHi2-02TK-.s  rM-l  JW 


I'iC.nri-  12 


Second  Stage  Koll  Gas  (lenerator  Ignition  Transient 
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Report  0162-02TR-STM-13W 
FINAL 

WING  VI  POST  TEST  RELIABILITY  REPORT  FORM 


Name  ©♦  < onifoctor 


Applicable  ^pec^. 


Q1-30-77 

STM-13W,  FTM-5729 
52  PQA6-81,  AA21485 

WING  VI  Operational 
S-1 33-1002-0-2 


Dote  lomi  corripleted  by  Conr  i 


Signature  of  Contractor 


03-14-77 


Pr; 


( hamber  Seriol  Numbe 


7024009 


MOTOR  TfST  DATA 


!f  any  of  the  lolloonruj  parometers  are  outside  the  applicable  rtiodel  specification  limits,  or  exceeds  predicted  performance  limits, 
indicate  foct  by  as'ensli  in  volumn  before  paranieter. 


.4  AAttoi  Tme  Impulse,  Ibl.  sec.  fl^) 

.4’  Avecj^e  Th»ust,  Ibt  f 1 

. 4.  Thrust  cuivr  .".ifhiM  l.’••|ls 

4‘Ma«.  Ihfus*  ibt  f I 

■no  • 

44>Specific  Impulse,  (hfsec  Ibrnfl^l 
4“  Truieviory  ^<tloM  T*«»ie  S(*<  1 I 

. 4P  Averoije  Chamber  f’  essu'e.  Psio  I 

.4  Mon  ‘ h»i'''l'ei  Picssuie,  (!■■  Via) 

4r<  Pfrli  'edlnrersioijef’iessuie,  (Psial 
. 4 • I gm  t|  on  f'elay  , se>  *t  I 

IgiTitiuM  Peok  Pressure  Pst.>  'P  I 
‘ ’ U se  lul  t^iupe  M onl  '^ei  jIt  t I btn  At 

po 

. •<  Mo'O'  Alerrjht  Gross)  U>fl'  ' 

‘ Sy  s terr*  Mo  s s F r oc  li  on  ( A ^ ) 

.•.4iCroiri  r sniper  .itu'e  f 

I2bb)  Thrust  T.iilott  D««  f*y  rinie  sm 


1,959,373 


YEb  m NO  g[i)  (<’0u)  Max  Side  Thruft  Ibf 
71.45n~  (^rit  ) Iniectont  Pressuniotion  Time,  sec 


63.80 


_ 0-105 
452 


f 1 J 0*'  ) T hr  US  I • Vor  tor  Angle  Within  Lirntts 

ROLL  CONTROL 

Mox  Gos  Generate'  Pressure,  psiO 
ftA  ) Pressurirotion  Time,  sec 

Roll  Control  Moment  Within  Limits 


15.516.9  1 ) Max  Response  Time,  sec 

0.886  O-HARDOVER  HARDOVER-0  HA  RDO  V E R-HA  RDO  VE  R 

70 

r:53  


Hot^r TTiqbt  test  cfata  converted  to  80®F,  based  on  estimated  silo  temperature 
of  70°F.  ■_ 

(1)  Not  available  on  flight  tests.  __  


legpMu  S,  So  cress,  f,  failure. 


St  - M Y S T t M A 


Msr  M V M 


TPST  RESULT  CL  ^SSIFICATION 
Pf,  Pretest  Exclusion,  AE,  Posites*  Exclusion 

REMARKS 

Subsystem  classifi cations  are  based  on  satisfactory  missile 
performance  duri ng  second-stage  operation. 


%•>  ...'f 


Post-Test  Reliability  Data 
Figure  13 


